Abstract. Cuttings from peach (Prunus persica (L.) Batch cv. Johnson Elberta) trees were subjected to five chilling durations (20 to 76 days) at seven temperatures (0 to 14C) and five concentrations of gibberellic acid [GA, (0.0 to 1 mM)]. There was a significant increase in terminal shoot length with longer chilling treatments. Cuttings treated at 2 to SC had the longest shoots, and shoot length decreased, in order, following treatment at 10, 0, and 14C. Treatment with the highest concentration of GA, resulted in the longest terminal shoots. Interactions between GA 3 and chilling durations indicated that either higher concentrations of GA, or longer chilling treatments increased terminal shoot growth. Thus, endogenous promoters, like GA, are evidently produced or released during chilling. Sensitivity to GA, was also important. Chemical name used: Gibberellic acid (GA3).
Endodormancy release is usually measured by an arbitrary percentage of budbreak in a specified amount of time. Shoot growth may also be used as an indicator of dormancy completion, even though some believe that a bud is either dormant (not growing perceptibly) or nondormant, despite the speed of subsequent shoot growth (Berrie, 1984) . Such a definition does not account for delayed foliation of peach trees that have not receive adequate chilling (Chandler et al., 1937) , nor does it account for the bellshaped, rest-intensity curve reported by Hatch and Walker (1969) .
GA appears to be one of the important controls of endodormancy release and is considered to be antagonistic to dormancy. Levels of GA in peach seeds and buds increase with chilling treatments, but not at nonchilling temperatures (Gianfagna and Rachmiel, 1986; Mathur et al., 1971; Seeley, 1976) . Gibberellic acid concentrations have been used to determine dormancy intensity of vegetative buds on cuttings (Couvillon and Hendershott, 1974; Hatch and Walker, 1969) . Interactions between abscisic acid (ABA) and GA have also been investigated in seeds (Bulard, 1985; Mehanna et al., 1985) .
This study was designed to test the effect of chilling duration, temperature, and exogenously applied GA, on terminal shoot growth of endodormant peach cuttings. Data were subsequently used to compare the chilling responses of cuttings with those of seeds and seedlings (Frisby and Seeley, 1993c) .
Materials and Methods
Terminal shoots (200 to 250 mm long), with both flower and leaf buds, were collected from mature 'Johnson Elberta' peach trees growing at the Utah State Univ. Experiment Station, Kaysville, in early Fall 1987 (7 Oct.) . According to the Utah Chill Unit Model (Richardson et al., 1974) , no chill units had been accumulated at this time (J. LaMar Anderson, personal communication).
Remaining leaves were removed by hand, and the cuttings were soaked for one hour in a N-trichloromethylthio-4-cyclohexene- Treatments were arranged in factorial treatment combinations of eight temperatures (0 to 18C), five durations (20 to 76 days), and five GA concentrations (0 to 1.0 mM) in a completely randomized design followed by repeated measures during forcing time (6 to 20 days).
Three boxes were randomly assigned to each temperature treatment (0, 2, 4, 6, 8, 10, 14, and 18C) . Boxes were placed in temperature controlled chambers described by Frisby and Seeley (1993a) . Bags in the 0C chamber were wrapped with aluminum foil because the chamber was too small for cardboard boxes.
Chilling treatment durations ranged from 20 to 76 days at 14-day intervals. At each duration, the bags were opened and 10 cuttings were removed from each box (30 from each temperature). The cuttings were rinsed in tap water. Cuttings for each temperature were divided into groups of six and bound and submerged (apical end down, covering up to 160 mm) for 1 h in GA, [Eastman Organic Chemical, Rochester, N.Y. (concentration assumed 100% for calculation purposes)] solutions (0.0, 0.03, 0.1, 0.3, and 1.0 mM) in glass containers. Fresh GA, solutions were prepared for each chilling duration.
Cutting bases were cut off (10 mm) under tap water, and cuttings were placed individually in test tubes (15 × 80 mm) containing deionized water. Test tubes were randomly placed in styrofoam holders in a greenhouse (37 to 38 cm* per test tube). Greenhouse conditions were as described by Frisby and Seeley (1993b) . Test tubes were filled to overflowing with deionized water every 2 to 3 days. Measurements of terminal shoot growth (bud scales to the longest leaf tip) were taken 6, 8, 13, 15, and 20 days after forcing.
A factorial univariate repeated measures analysis of variance (ANOVA) was used to analyze the data (Littell, 1989) . Trend analysis was calculated for the main effects and important significant interactions.
Results and Discussion
The 18C treatment promoted very little growth, and many of the cuttings died. Some of the cuttings were visibly infected with F is the LSD 0.05 bar for comparisons among forcing times when temperature and duration are fixed. D&T is the LSD 0.05 for differences among duration and temperature conditions when forcing times are fixed. Trend analysis is provided in Table 1. times are fixed. Trend analysis is provided in Table 1. times when GA, concentration and duration are fixed. D&G is the LSD 0.05 bar for differences among duration and GA, concentration combinations when forcing fungi. The lack of growth at this temperature could have been due to the temperature treatment or to the fungal contamination.
Because of these problems, the 18C treatment was not used in the ANOVA. The 18C treatment was not expected to promote growth. Other problem data points were treated as follows: if the cutting died after forcing, then terminal shoot growth was assumed to be zero; if the terminal bud was damaged before forcing, then the average of the other replications for that treatment was used; if the terminal shoot or cutting died after growth began, then the length of the shoot before death was used for subsequent forcing measurements. An appropriate decrease of the degrees of freedom was used to adjust for missing data (Table 1) .
Due to the many temperature treatments, all replications for each temperature were treated in one temperature controlled chamber simultaneously. We understand that this underestimated the error terms for the true variability of the systems. Yet, probability values were so low that the results were clearly significant (Table 1) . Also, because cuttings from each duration came out of chilling at different times, the results may be confounded with greenhouse conditions. Four sets of temperature data were gathered during the experiment (unshielded chart recorders). There was not a significant growing degree hour (GDH) difference between these sets of temperature data [GDH calculated by the method of Richardson et al., 1975 (data not presented) ].
All main effects and the two-way interactions of the main-plot were significant (Table 1) . The three-way interaction between treatment duration, temperature, and the GA, concentration was not significant. All the two-way interactions and the three-way interactions with forcing time were significant. Only the significant three-way interactions are presented. (20, 34,48,62, and 76 days), temperatures (0,2,4,6, 8, 10, and 14C) , and GA, treatments (0.0,0.03,0.1,0.03, and 1.0 mM) in a completely randomized design followed by repeated measures during forcing time (6, 8, 13, 15, and 20 days) . Linear and polynomial trend analysis is provided for main effects and important interactions.
continued Table 1 . continued.
z Degrees of freedom were adjusted for missing data. NS,*,**,*** Nonsignificant or significant at P = 0.05, 0.01, or 0.001, respectively.
The interaction between treatment duration, temperature, and forcing time on shoot growth indicated better growth with longer treatments at chilling temperatures [0 to 10C (Fig. 1.) ]. Shoot growth was the best after chilling at 2 or 4C for 76 days. Shoot growth after treatment at 14C, not considered a chilling temperature, was low and did not improve after longer treatments. The largest change in growth over forcing time occurred between 34 and 48 days of chilling. Chilling treatments longer than 48 days induced better shoot growth after less forcing time.
The chilling requirement of 'Elberta' peach flower buds is reported to be 37 days at 6C [880 chill units (Richardson et al., 1974) ]. Our data suggests that terminal vegetative buds respond to a wider range of chilling temperatures (0 to 10C). A chilling requirement of 37 days appears to be a minimum rather than a maximum requirement for vegetative growth (Frisby and Seeley, 1993c) .
The interaction between treatment duration, GA, concentration, and forcing time indicated that the highest GA, concentration (1.0 mM) promoted the best growth (Fig. 2) . Shoot growth after treatment with 1.0 mM GA, did not improve with longer chilling treatments. At the lower concentrations (0.0 to 0.3 mM), shoot growth improved with longer chilling treatments. In fact, shoot growth of cuttings treated with 1.0 mM GA, was only slightly better than that of the controls (0 mM GA,) chilled for 76 days. This result gives strong evidence for endogenous production or release of growth promoters during chilling. These results agree with data for apple seed reported by Bulard (1985) .
However, the interaction between treatment temperature, GA, concentration, and the forcing time indicated that some chilling is needed before the cuttings responded to GA, (Fig. 3) . Cuttings treated at 14C did not respond to the GA, treatments, which suggests that sensitivity to GA, was important. Treatment for only 20 days at 0 to 10C overcame this sensitivity-related problem (Figs.  2 and Fig. 3 ).
